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1 Introduction 
This document provides a high level description of the Fermilab Data Center Over-Temperature Shutdown 
System (OTSS) to be used at GCC.  This system provides a safety net to protect equipment in the data 
centers from activation of fire sprinklers due to high temperature caused by insufficient cooling conditions.  
When triggered by such conditions, the Over-Temperature Shutdown System will cause a main power 
disconnect for all non-safety related systems in the data centers.  Emergency lighting, fire, and security 
systems are not connected to the Over-Temperature Shutdown System.  The OTSS is scheduled to be 
installed at GCC in computer rooms B and C in mid calendar 2009.  Due to increased complexity of 
installation in computer room A, installation in this room is tentatively planned to coincide with the next 
refit of computer room A. 

2 System Description  
The OTSS is designed to provide room temperature monitoring and automated power shutdown capability 
in each of the three computer rooms at GCC.  The system consists of a primary subsystem and a backup 
subsystem to provide a high level of confidence that the system will function in an over-temperature 
situation.   The system also has subsystem disconnect switches and trip indicator lights that allow the 
different subsystems to be tested without actually shutting down the power to the computer rooms.  Each 
computer room at GCC will have its own independent OTSS. 

2.1 Primary Over-Temperature Subsystem 

The primary OTSS subsystem consists of an array of eight temperature sensors mounted in the ceiling area 
of the computer room.  The sensors are placed approximately equidistant from each other and suspended 
from the ceiling to place the sensors at the same height as the installed sprinkler heads.  These sensors are 
wired through conduit to a control panel in one of the adjacent rooms at GCC.  The control panel contains a 
Liebert Site I/O module that digitizes the electrical signals from the temperature sensors and transmits this 
information via MODBUS to a SiteLink interface module.  This allows the temperatures read to be 
displayed and logged remotely using the existing SiteScan system.  The Site I/O module also senses the 
positions of all disconnect switches and relays in the system.  This information can also be read remotely 
using SiteScan.  Finally, the Site I/O module can drive a relay that powers the shunt-trip coils in the main 
power circuit breakers for the computer room.  Firmware in the Site I/O module is programmed to power 
the shunt-trip coils and power down the room if a minimum number of temperature sensors reach their 
over-temperature set points.  Note that the over-temperature power down function of the Site I/O module 
remains functional even if its MODBUS connection is non-functional. 

2.1.1 Liebert Site I/O 16/16 Interface Module 

This module is capable of sampling as many as sixteen inputs, and driving up to sixteen outputs, while 
interfacing to SiteScan via a MODBUS Sitelink connection.  As installed, eight of the inputs are connected 
to temperature sensors, three are connected to the three diagnostic subsystem disconnect switches to sense 
their positions, and two inputs are connected to contacts on the two shunt-trip relays to sense their 
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positions.  The temperatures and positions of the switches and relays can be read remotely through 
SiteScan.  One of the outputs is connected to the control coil of a shunt-trip relay to allow the Site I/O 
module to cause a power disconnect to the computer room.  Firmware in the Site I/O module is 
programmed to drive the shunt-trip relay if an over-temperature condition is detected.  An over-temperature 
condition is defined as a preset number of sensors exceeding their over-temperature set points.  Set points 
and number of sensors required to trip are parameters that are settable remotely through SiteScan. 

The Interface Modules are located in a locked enclosure in each room.  The enclosure is easily accessible 
for maintenance and system testing.  The enclosure also contains the relays, indicators, and switches for the 
system.  See Figure 1. 

 

 

 

Figure 1   Control Panel Installation 
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Figure 2   Control Panel Interior 

 

2.1.2 Temperature Sensors 

Temperature sensors used in the primary OTSS subsystem are RTD (Resistance Temperature Detector) 
type devices.  An RTD is essentially a very fine piece of wire with a known temperature vs. resistance 
relationship.  A small current is applied to the wire, and the voltage drop across it is measured to determine 
its temperature.  RTDs were chosen over thermocouples due to their superior stability and accuracy over 
thermocouples.  RTDs are also a cost effective choice. 

The RTDs in use in the OTSS are designed for air temperature sensing and are manufactured by Omega 
Engineering Incorporated.  Omega also provided the signal conditioner electronics for the sensors.  The 
signal conditioners are mounted above each temperature sensor in the ceiling area of the computer room 
and convert the relatively small signal produced by the sensor into a more robust 4-20mA industrial 
standard current loop signal.  4-20mA signals can easily travel hundreds of feet over a relatively 
inexpensive cable, and are compatible with the Site I/O module’s inputs without the need for a converter. 

 
It is desirable to locate the temperature sensors near the sprinkler heads in the computer rooms, since a 
primary goal of this system is to prevent the sprinkler heads from tripping.  To this end, the sensors are 
suspended from the ceiling steel such that they are at approximately the same height in the room as the 
sprinkler heads.  To provide good mechanical mounting and protection for the signal wiring, all sensor 
wiring is run in conduit.  The sensors themselves are suspended from the ceiling in a conduit drop tube.  
See Figure 3. 
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Figure 3   Temperature Sensor Installation (typical) 

 

2.1.3 Shunt-Trip Relay 

There are two main breakers feeding power to each computer room.  Each breaker is equipped with a 
shunt-trip coil that is designed to trip the breaker when powered from an external source.  Power to these 
coils is provided by the OTSS or the EPO system through power relays.  The primary OTSS subsystem 
uses one relay, and the backup OTSS subsystem and EPO system use their own relay.  The relays are 
connected to the shunt-trip coils such that either relay will trip both breakers. 

The primary OTSS subsystem uses a multi-pole 110VAC relay with a low voltage control coil to allow the 
Site I/O module to shut down the computer room when an over-temperature condition is detected. 

The secondary OTSS subsystem and the EPO system use a similar relay with a 110VAC control coil.   
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2.2 Secondary Over-Temperature Subsystem 

The backup OTSS subsystem consists of an electromechanical thermostatic switch connected to the EPO 
(Emergency Power Off) shunt-trip relay.  The EPO system allows main power to the computer room to be 
disconnected in an emergency by pressing either of two EPO switches mounted near the doors of the room.  
The thermostatic switch effectively acts as a third EPO switch. 

This system is not controllable or monitorable remotely, but features a “Keep It Simple” design approach 
vs. the more sophisticated, but more complicated primary system. 

2.2.1 Thermostatic Switch 

The thermostatic switch in use is manufactured by Johnson Controls, and is a part designed for use in 
refrigeration systems.  Its set point temperature is adjustable via a set screw over an appropriate range of 
temperatures.  The thermostatic switch uses a capillary bulb temperature sensing device that moves a 
mechanical switch.  This provides 110VAC to the control coil of the second shut-trip relay.  Powering the 
coil of the relay causes power to be delivered to the shunt-trip coils in the main circuit breakers feeding 
power to the computer room. 

2.2.2 Shunt-Trip Relay 

A multi-pole 110VAC relay with a 110VAC control coil is used to allow the thermostatic switch to provide 
the power necessary to drive the shunt-trip coils in the main circuit breakers powering the computer room.  
There are two shunt-trip relays in the OTSS, one for each subsystem.  The secondary OTSS shunt-trip relay 
is also controlled by the two EPO switches located near the doors of the computer room. 

3 Remote Monitoring and Trending 
The Primary Over-Temperature Subsystem is remotely monitorable via the existing Sitescan system.  This 
system provides remote monitoring and trending capability for the cooling units, UPS controllers, and 
power distribution panels for various computer rooms at Fermilab.  Computer room temperatures can now 
be monitored using Sitescan as well.  Upon logging into SiteScan, selecting selecting GCC, then TEMP 
provides the view in Figure 4.   
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Figure 4   SiteScan View of GCC 

 

In this view, the temperature sensors for the two rooms are displayed superimposed on a plan view of the 
building.  The positions of the sensors on the view are not to scale, but the relative positions are shown well 
enough that a temperature displayed can be easily be related to a sensor in a given room.  Pressing any of 
the temperature sensors will display the detailed status page for the Overtemperature Shutdown System for 
the selected room.  See Figure 5.   
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Figure 5   Sitescan Detailed View of Room C 

 

In this view, the temperatures for all sensors are displayed, as well as the positions of the three lockout key 
switches, and the state of the system. 

SiteScan also can be set to log the data of any monitored point.  In the case of the Over-Temperature 
Shutdown System, all of the monitored data is logged and can be displayed by selecting the desired point in 
the Trends menu.  A typical temperature point is shown in Figure 6. 
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Figure 6   Trending for a Typical Temperature Sensor 

 
 

4 Design Considerations 
Due to the large financial losses and long down time that would occur if an over-temperature event were to 
cause sprinkler heads to trip in the computer rooms, a highly reliable system with layered redundancy was 
desired.  Other design requirements included a fail-safe design that minimized nuisance trips, and 
strategically placed disconnect switches and indicators to allow periodic testing of the system without 
powering off the computer room. 

Initially a three tiered system with a local temperature display was considered, but the quoted cost of 
installation exceeded the $30K total system budget for each computer room by a significant margin.  To 
meet the budget target, changes were made to the design.  The local temperature display and one level of 
redundancy were eliminated, the number of temperature sensors was reduced, and the backup system was 
simplified. 

The proposed primary subsystem featured a controller with a display to show instantaneous temperature 
measurements in the computer room.  This subsystem also called for one temperature sensor to be placed 
near each sprinkler head for a total of 25 sensors.  This subsystem was cut from the final design. 

The total number of temperature sensors was also reduced to lower cost.  Initially, it was planned to use one 
sensor per sprinkler head for the primary system, a smaller number of sensors for the secondary system, 
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and as many as four sensors for the tertiary system.  Even though the sensors themselves were not a large 
cost driver, the cost of installation and of the associated sensing electronics necessitated a reduction in total 
sensor count.  The final design uses eight sensors for the primary subsystem, and one sensor for the backup 
subsystem. 

As a final cost saving measure, the backup system was changed from an active system with four sensors 
and remote monitoring and control, to an electromechanical system with one sensor that is not remotely 
monitorable or controllable. 

The final system meets the design goals of providing a highly reliable automated over-temperature 
shutdown system to protect equipment in the computer rooms at GCC, that fits within budget constraints.  
As added benefits, the new system also provides for remote room temperature monitoring and logging, and 
allows over-temperature trip conditions to be remotely configured. 
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5 System Schematic 
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6 Component Data Sheets 

6.1 Liebert Site I/O 16/16 
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6.2 Omega RTD-806 Air Temperature Sensor 
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6.3 Omega SPRTX Connector-Transmitter 
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6.4 Johnson Controls A19AAF-12C Temperature Control Switch 
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